Can a queuine-specific tRNA function normally without replacement of G by Q in its structure? To answer this, kinetics of aspartate queuine-containing tRNA (Q-tRNA) is compared with its queuine-deficient counterpart (G-tRNA). The results indicate that Asp O-tRNA is a more effective substrate than the Asp G-tRNA. The Asp Q-tRNA exhibits a higher reaction velocity (V max > 30%) and a higher reaction rate (1^ < 55%) than its counterpart. The Asp tRNAs derived from human tumor lines and grown in athymic mice contain a full complement of queuine. This tumor tRNA exhibits aminoacylation kinetics similar to a normal liver tRNA. Reasons for observing the lack of a G-to-Q modification in cancer tRNAs by others are hypothesized. Two purified Asp isoacceptors from liver are compared for the aminoacylation reaction; small differences are noted in the V , but none in the K values.
INTRODUCTION
The "wobble" base located in position 34 is modified in 61% of eukaryotic and 47% of prokaryotic tRNAs (1) . Similarly, out of 49 mammalian tRNAs, 31 contain a modified residue in this position (unpublished results). The replacement of guanine by queuine occurs specifically at the wobble base position of asparagine, histidine, aspartate and tyrosine tRNAs. Prokaryotes contain an unmodified Q (queuosine) in each one of the four tRNAs; however, mammals contain both an unmodified Q (tRNA n and tRNA S ) as well as a modified Q (manQ in tRNA Asp and galQ in tRNA Tyr ). The G-to-Q modification in E. coli tRNAs occurs by substitution of a preformed queuine or pre-queuine (7-aminomethyl-7-deazaguanine) (2) , while in mammalian tRNAs it occurs by substitution of a preformed Q (once called "Q factor") into the Q-deficient tRNA (3, 4) . (The "insertion" enzymes, tRNA-guanine transglycosylase, from bacteria and mammals exhibit vastly different affinities for their substrates, preQ and Q, respectively. This is one reason for the use of different substrates in the replacement of G by bacteria and mammals. For more details see review articles on Q: references 5 and 5a.)
Significant losses in the G-to-Q modification of tRNAs from several sources have been reported, for example, in tRNAs from prenatal mice (6) , oneweek old rats (7) , animals raised on a Q-free diet in a germ-free environment (8) , and in tumor cells (2, (9) (10) (11) (12) (13) . A small amount of Q-deficient tRNA is also reported in tRNAs from other sources (7, 14) . The occurance of incomplete or total loss of the G-to-Q modification under specific conditions raises this question: can tRNAs without Q function normally?
In several tRNAs, the nucleotides of the anticodon loop appear to be involved in the recognition process (1) . For example, the modification of the 2-thiouridine located in the "wobble" position of tNRA U (E. coli) was paralleled by a reduction in aminoacylation ability (15) . The structural complexity of Q and hexosylQ, and their specific location in the tRNA structure, lend support to the idea that Q can play an important role in amino- 
METHODS

Aminoacylation Kinetics of Aspartate tRNAs
The amount of aspartate tRNA present in the unfractionated tRNA sample was determined by aminoacylation of the sample (free of AA-tRNAs) with labelled aspartate using maximum incorporation conditions (17) . The concentration range of the aspartate tRNA -critical for producing aminoacylation under steady state reaction conditions, independent of the synthetase concentration -was determined by varying the amounts of the aspartate tRNA while maintaining the synthetase in excess, and assaying for the reaction using different reaction times (data are not shown).
In a typical reaction, the unfractionated tRNA sample (free of AA-tRNA, and other RNAs), containing a known amount of the tRNA sp , was aminoacylated (in a reaction mixture of 200 pi containing 100 mM HEPES buffer (pH 7.6), 6 mM Mg(OAc) , 6 mM KC1, 2 mM 2-mercaptoethanol, 3 mM Na ATP, 15 uM 3 [ H]aspartic acid, and 42 yg proteins of the crude aspartyl-tRNA synthetase).
Several reaction mixtures were prepared in this manner, one for each tRNA concentration, placed in small polyethylene tubes, and maintained at 0°.
One reaction mixture at a time was brought to 37° by shaking the contents for 10-15 seconds, and then (at zero time) the tRNA component was added. Aliquots (30-40 yl) were withdrawn at timed intervals and mixed with a 2 ml solution of 0.2 M NaOAc, pH 4.5 containing 2 k units of E. coli DNA, maintained in ice.
An equal volume of 20% trichloroacetic acid was added and the mixture was assayed for the amount of [ H]Asp-tRNA using a fiber glass filter (GF/C, Whatman Chem. Separation, Inc.) as described elsewhere (18) . 
Divers Methods
Tritium-labelled guanine was incorporated into G-tRNAs, using tRNAguanine transglycosylase from E. coli (2) . The reaction conditions were the same as described earlier (7) except for the incubation time (12 h) needed for maximal guanine incorporation. Aspartyl-tRNAs were treated with cyanogen bromide as described earlier (15, 19) . The isoacceptors were resolved by chromatography on RPC-5 and BioRad Aminex A-28 columns (18, 20) . The liver aminoacyl-tRNA synthetase was prepared by differential centrifugation (21) . A fraction rich in aspartyl-tRNA synthetase was isolated by gel filtration chromatography on Sephadex G-100 column followed by fractionation on a DEAE-cellulose column (17) . tRNAs from livers and tumors were isolated using 3 to 5 phenol extractions (22) ; aspartate tRNAs were purified by a ConA-affinity method and gel filtration chromatography (22, 23) . Aspartate isoacceptors were resolved (18, 20) and further purified by polyacrylamide gel electrophoresis (24) using a vertical (43 cm high x 33 cm wide) electrophoresis cell (Model 1120, BioRad Lab.).
RESULTS
Properties of the Aspartate Isoacceptors
A. Relative Amounts of the Aspartate Isoacceptors. The results in Table I indicate that only two major isoacceptors were present in each tRNA sample from three sources. The relative amount of tRNA ^p ranged from 7 to 13% and that of tRNA ^ from 87 to 93% with respect to the total aspartate tRNA (functional) present in the three different tissues. Aspartyl-tRNAs were resolved on RPC-5 columns and radioactivity under each peak was determined. The amount for each isoacceptor represents fraction of the total acid-insoluble radioactivity due to both species. The results are derived from at least two RNA preparations. Human ovary tumor grown in athymic mice. Table I ). Each purified isoacceptor produced two bands -one major and one minor -on polyacrylamide gel electrophoresis. (The material retained on the ConA-affinity column gave three bands). Each band (subspecies), when submitted to two-dimensional gel electrophoresis, produced only one spot. The results indicated the presence of two subspecies (named a and b) in each aspartate isoacceptor sample. The sub species remained homogeneous on further gel electrophoresis. The rabbit liver aspartate isoacceptors, however, produced no subspecies when tested for purity.
Bovine liver isoacceptors and their subspecies obtained from gel electrophoresis were aminoacylated with a homologous synthetase preparation. The results in Fig. 1 Table III indicate the presence of G (i.e., lack of G-to-Q modification) in only the tRNA from L-M cells that was grown in culture without added queuine. Interestingly, no significant amount of guanine was incorporated into tRNAs derived from ovary tumors -an indication of the presence of a full complement of queuine in these tRNAs. Similarly, both unfractionated tRNAs and purified aspartate tRNAs (rabbit liver) showed the full amount of Q in their structures. b. Test of Q in tRNA samples by the lectin-affinity method. The chromatogram in Fig. 2a showed retention of the tRNA Sp (with manQ) only in the tRNA sample derived from L-M cells grown in culture and supplemented with queuine. However, no such tRNA " (i.e., containing manQ) was present in the tRNA sample derived from L-M cells not grown with added queuine (Fig. 2b) . The results confirm the total absence of manQ in tRNA derived from the latter tRNA sample. 
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higher reaction velocity (V is 30% greater) and a higher reaction rate (K is 55% less) than its counterpart, the G-tRNA Asp ( Fig. 3 and Table IV ). m The Q-tRNA P served as a better substrate than did the G-tRNA p in the for the former tRNA (see Table IV ). Values derived from Eadie-Hofstee plot.
Properties of Normal and
synthetase. The results, shown in Fig. 6 and summarized in Table V , indicate only a small variation in the reaction velocities (18% less V in max tumor tRNA) and no difference in the reaction rates of the two samples.
DISCUSSION
Use of the Q-containing and Q-deficient tRNAs sp as Substrates in the Amino-
acylation Reaction
Activities of the aspartate tRNAs in Q-tRNA and G-tRNA samples from the L-M cells were assayed, using a partially purified Asp-tRNA synthetase preparation from rabbit liver. The G-tRNA sample was free of any Q-tRNA Sp ,
and similarly the Q-tRNA sample was free of G-tRNA. This was determined by the transglycosylase reaction (Table III) , and the ConA-affinity method (Fig. 2) .
The results indicate that important differences exist in both the reaction velocity and the reaction rate (Table V) . For aspartate incorporation, the reaction rate of the G-tRNA is reduced to about half that of the Q-tRNA and the reaction velocity is reduced to 3/4th that of the Q-tRNA. The ratio of V to K -often used as an indication of substrate efficiency for the max m enzyme -is about 5 for the G-tRNA sp , but increases to a value of 12 for the Q-tRNA sp . This kinetic work was repeated four times using idential reaction conditions. The values from the repeat experiments were in close agreement (> 97%) with those reported in Fig. 3 and Table IV . (See materials for characteristics of tRNA and synthetase samples).
The results support the notion that the Q-deficient (undermodified) tRNA is a poor substrate and exhibits a diminished activity in the arainoacylation reaction. G-to-Q modification appears to influence the binding of the substrate with the synthetase and also, the reaction rate (i.e., complex dissociation Into the synthetase and the product or subproducts)• Both complex formation and complex dissociation apparently depend upon the nature of the substrate. The formation of a relatively stable complex between G-tRNA Sp and the synthetase can tie up the enzyme. Activity of the synthetase can therefore depend upon the cellular level of the G-tRNA. Thus, the presence of large amounts of G-tRNAs in one-week old animals reported earlier (26) should correlate with higher cellular concentrations of the tRNA P needed for sustained Asp-tRNA synthesis (17) .
Earlier work with the rat liver tRNA Sp showed the V value of the A max aminoacylation of a purified Q-tRNA. sp sample to be 16 times that of a G-tRNA Asp , which contained other tRNAs besides G-tRNA Asp . The K values m for the two tRNA samples were the same (17, 26) . The values of this study may be incorrect since an unfractionated G-tRNA sample was compared with a pure Q-tRNA p sample. (The purity of the tRNA P in the two samples was not comparable).
Contrary to these results, studies involving usage of the histidine G and Q isoacceptors in globin synthesis showed no affect of Q in the translation process (27, 28) . Another study (29) (Table   III) , (b) specific interaction of ConA with the mannose moiety of the manQ in the tRNA Sp (Fig. 4) , and (c) treatment of the Asp-tRNAs with CNBr followed by chromatography on RPC-5 columns (Fig.. 5) . Each method indicated the presence of a full complement of Q in the tumor tRHA structure.
The tRNAs derived from human ovary and rabbit liver here show identical reaction rates and only a small loss (18%) in the reaction velocity of the tumor tRNA . This loss in the reaction velocity can arise from the use of a heterologous enzyme used with the tumor tRNA ( Table V) .
The cancerous cells growing in the host with a common vascular system should have access to the 'free Q" and also perhaps to transglycosylase. evidence is lacking at present.
Comparison of Aspartate Isoacceptors
The ratio of the amount of the minor to that of the major aspartate isoacceptor varies in two animal species, and also in the normal liver and the tumor cells (Table I) . Each bovine liver isoacceptor exhibits an inactive (tRNA ?{*) or a less active (tRNA ^J 5 ) subspecies. The inactive forms, 1b Zb which are not the product of gel electrophoresis, are either produced during the purification or are present as such in vivo. It is inactive (or less active) tRNA sp instead of something else since it is purified by an affinity method specific for this tRNA 05).
Marked differences appear to exist in the reaction velocities, but none in the reaction rates of the two active isoacceptors (bovine liver tRNA, see Fig. 1 and Table II) . Although the complete sequence of the tRNA p is not known, our preliminary results indicate that it differs substantially from the tRNA ^ structure (36) .
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